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ABSTRACT
Cultural ecosystem services (CES) are widely acknowledged as important but are often
neglected by ecosystem service assessments, leading to a representational bias. This reflects
the methodological challenges associated with producing robust and repeatable CES valua-
tions. Here we provide a comparative analysis of three approaches for non-monetary valua-
tion of CES, namely a structured survey, participatory GIS (PGIS) and GPS tracking methods.
These were used to assess both recreation and aesthetic value of habitats within the New
Forest National Park, UK. The association of CES with habitats enabled results of all three
methods to be visualised at the landscape scale using maps, strengthening their value to
conservation management. Broadleaved woodland and heathland habitats were consistently
valued highly for both CES, whereas agricultural land tended to be associated with low
values. Results obtained by the different methods were positively correlated in 6 out of 10
comparisons, indicating a degree of consistency between them. The spatial distribution of
CES values at the landscape scale was also generally consistent between the three methods.
These results highlight the value of comparative analyses of CES for identifying robust results,
providing a way forward for their inclusion in land management decision-making.
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1. Introduction
Growth in adoption of ecosystem services as a policy
concept has been accompanied by a rapid increase in
research effort, which has documented the factors
influencing the provision of ecosystem services in a
wide range of ecosystems and socio-economic con-
texts (Carpenter et al. 2009; Nicholson et al. 2009;
Seppelt et al. 2011). However, relatively little progress
has been made in assessing cultural ecosystem ser-
vices (CES), which are often neglected owing to
methodological challenges (Feld et al. 2009; Seppelt
et al. 2011; Daniel et al. 2012; Plieninger et al. 2013).
This has led to a representational bias in ecosystem
assessments and landscape planning decisions, in
which CES are often poorly represented
(Hernández-Morcillo et al. 2013). CES are often
referred to as ‘intangible’ and ‘subjective’, reflecting
the difficulties associated with their quantitative
assessment and valuation (Millennium Ecosystem
Assessment (MEA) 2005; Daniel et al. 2012).
Despite such difficulties, the importance of CES has
widely been acknowledged. For example, Guo et al.
(2010) found that the dependence of people on cul-
tural services increased as economic development
took place, often exceeding that of regulating services.
CES have also been found to be important motivators
for land management and ownership (Plieninger
et al. 2012). Increasingly, CES are being embedded
in environmental decision-making at a range of geo-
graphical and temporal scales, with the aim of achiev-
ing ecological sustainability, social justice and
economic efficiency in an integrated way (Costanza
et al. 2017).
CES represent a very diverse group of ecosystem
services, and consequently a wide range of methods
have been employed in their assessment and valua-
tion (Milcu et al. 2013; Hirons et al. 2016). Factors
such as social and cultural background, habits and
belief systems, behavioural traditions and lifestyles
can have a major influence on CES values, and
many studies have adopted methods involving quali-
tative assessment of individual perceptions. The
results obtained with such approaches are difficult
to verify, however (Hernández-Morcillo et al. 2013).
The lack of robust approaches to valuing CES may
account for the fact that they are often neglected in
practical assessments (Hernández-Morcillo et al.
2013; Milcu et al. 2013; Hirons et al. 2016). For
example, in a meta-analysis of 524 quantitative indi-
cators of biodiversity and ecosystem services from 89
restoration assessments, Rey Benayas et al. (2009)
found no studies that measured cultural services
explicitly. While an increasing number of investiga-
tions valuing CES have been published since this
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study, no consensus has emerged regarding which
methods are most consistent or robust (Costanza
et al. 2017).
In part, the methodological challenges of assessing
CES values stem from conceptual uncertainty regard-
ing the nature of CES, and how the provision of these
benefits is related to the characteristics and condition
of ecosystems (Fish et al. 2016). In many studies,
socio-cultural values are assumed to be linked to
ecological functions and structures, yet this may
obscure conflicts regarding the conflation of ‘nonma-
terial’ values with more tangible benefits of CES
(Stålhammar and Pedersen 2017). For example,
Fraser et al. (2016) suggested that for a genuinely
holistic approach to valuation of CES, methods may
need to be drawn not only from natural and quanti-
tative social sciences but also from interpretivist qua-
litative social science and humanities, located within
a suitable theoretical framework such as phenomen-
ology. However, this would be difficult to achieve
within a single analytical framework. In a critique of
the CES concept, James (2015) goes further, and
suggests that even if approaches such as phenomen-
ology or textual analysis were used, they would never-
theless be reinterpreted in terms of service provision.
This would fail to capture the full value of places to
people’s lives, including historical, political, mythic
and spiritual values. Furthermore, the processes and
characteristics that underpin provision of CES may
be difficult to observe and measure, and may not
directly be linked with features of ecosystems that
can be readily assessed (Fish et al. 2016).
As a result of such issues, the valuation of CES
presents a significant challenge to achieving a gen-
uinely holistic ecosystems approach to decision-
making (Fish et al. 2016). The under-representation
of CES in ecosystem service assessments could
potentially lead to biases in landscape planning
and management, in which the needs of users of
a particular area are neglected (Hernández-Morcillo
et al. 2013). Potentially, comparative analysis of
different approaches for valuing CES could help
verify the results obtained, and thereby strengthen
the process of CES assessment. In practice, very few
previous studies have performed such comparisons;
this issue was largely ignored by recent reviews of
CES (Hernández-Morcillo et al. 2013; Milcu et al.
2013; Hirons et al. 2016). Yet the use of different
methods to cross-check and validate results is
widely acknowledged to be an important contribu-
tor to strengthening the development of other types
of environmental indicators (Niemi and McDonald
2004). Results that are consistently obtained by
different methods could be considered to be rela-
tively robust, whereas those findings that differ
between methods suggest areas of relative
uncertainty.
Here, we examine recreation and aesthetic value as
examples of CES (Costanza et al. 1997; De Groot
et al. 2002), as efforts to value non-material benefits
of ecosystem services usually focus on these services
as they have tangible benefits (Milcu et al. 2013;
Baulcomb et al. 2015; Small et al. 2017). De Groot
et al. (2010) define aesthetic value as being the appre-
ciation of natural scenery (other than through delib-
erate recreational activities), with recreational value
being defined as the opportunities for tourism and
recreational activities. We examine these services in
relation to the distribution of different habitats at the
landscape scale. Much conservation management and
policy focuses on maintaining or improving the con-
dition of habitats, as illustrated for example by the
EU Habitats Directive in Europe. While habitat man-
agement interventions aimed at biodiversity conser-
vation may provide multiple co-benefits for provision
of ecosystem services, more information is needed on
where these synergies occur in order to realise such
benefits (Austin et al. 2016). Furthermore, where the
primary management focus is on provision of ecosys-
tem services, as in Ecosystem-Based Management,
analysis of both synergies and trade-offs will be
required to ensure win-win outcomes for both biodi-
versity and human society (Ingram et al. 2012;
Cordingley et al. 2015).
In order for the factors influencing provision of
CES to be understood, and the management of CES
to be optimised at the landscape scale, the spatial and
temporal dynamics of CES need to be analysed.
While a wide range of different methods have been
used for valuing CES (Hirons et al. 2016), no con-
sensus has been reached regarding the appropriate
choice of method for assessing CES at the landscape
scale (Seppelt et al. 2011; Hernández-Morcillo et al.
2013). While both monetary and non-monetary
valuation methods can potentially be used (Hirons
et al. 2016), here we focus on the latter, reflecting the
fact that monetary valuation of CES is often not
deemed appropriate (Milcu et al. 2013). We compare
three different methods: a stated preference survey,
participatory Geographical Information Systems
(PGIS), and use of Global Positioning System (GPS)
trackers, to assess the relative value of different habi-
tats for provision of CES at the landscape scale.
Many previous studies of CES have used stated-
preference methods; for example, Newton et al.
(2012) in the River Frome, Dorset, Southern
England, and Barrena et al. (2014) in Chiloé Island,
southern Chile. These methods can be divided into
two main groups: contingent valuation and choice
modelling techniques. Contingent valuation surveys
ask participants their ‘willingness to act’ or ‘willing-
ness to pay’ for changes, whereas choice modelling
surveys present participants with several alternatives
and elicit preference values from them (Riera et al.
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2012). Surveys are typically designed so that the
answers to the questions can be designed as a choice
experiment, contingent ranking, rating or grouping
(Brown 2003; Riera et al. 2012).
PGIS methods are computer-based mapping
approaches that involve members of the community
(Abbot et al. 1998; Dunn 2007), and are becoming
increasingly popular for mapping ecosystem services,
especially CES (Milcu et al. 2013; Brown and
Fagerholm 2015). PGIS can range from simple
paper-based approaches to more complex online
maps (Brown et al. 2012). Examples include mapping
social values in Helsinki, Finland for strategic green
area planning (Tyrväinen et al. 2007), supporting
coral reef ecosystem management in Hawaii (Levine
and Feinholz 2015) and to support management of
the Chugach National Forest, Seward, AK, USA
(Brown and Reed 2000). Such examples have high-
lighted the value of the technique for strengthening
stakeholder identification and engagement, and for
helping land managers to understand the potential
impacts of their decisions on human communities
(Dunn 2007).
There are various methods that can be used to
directly survey movement patterns of people in an
area. These include use of field observations, self-
registration approaches, video cameras, GPS trackers,
smartphones, social media derived information (e.g.
twitter feeds) and thermal cameras (Deadman and
Gimblett 1994; O’Connor et al. 2005; Lau and
McKercher 2006; Shoval and Isaacson 2007; Garthe
2010; Pettersson and Zillinger 2011; Birkin and
Malleson 2012; Orellana et al. 2012; Del Rosario
et al. 2015). Examples of the application of such
methods include use of geo-spatial ankle transmitters
on visitors to Twelve Apostles National Park in
Victoria, Australia, to determine tourist behaviours
(O’Connor et al. 2005), and use of large GPS data sets
to discover commonalties of visitor preferences in
natural recreational areas (Orellana et al. 2012).
Previous research utilising geo-tagged images has
been used to ascertain recreation preferences for
habitats (Oteros-Rozas et al. 2017), though no pre-
vious studies have used continuous GPS-tracking
approaches for assessing human movement patterns
in relation to CES values associated with different
habitats.
We examine these services at the landscape scale,
as despite the widespread use of these different meth-
ods, few studies have been undertaken of their rela-
tive performance, specifically in relation to
assessment of CES at this scale (Milcu et al. 2013;
Hirons et al. 2016). Such comparisons are needed,
both to identify the extent to which survey results are
dependent on the method used, and because the
methods vary in regard to their technical require-
ments and relative economic cost. Here, we
compared the relative performance of three different
assessment approaches for assessing the relative non-
monetary value of different habitats for recreation
and aesthetic values in the New Forest National
Park, UK. This area is a major resource for recrea-
tion, attracting over 13 million day visits per year
(Sharp et al. 2008). However, little information is
available on spatial patterns of visitor movement
within this National Park, and how this relates to
the spatial distribution of different habitats. Our
study complements that of Willcock et al. (2017),
who compared three different CES survey methods
at a range of sites in southern England, including the
New Forest. The survey tools included language-
based supervised surveys, language-based unsuper-
vised surveys and image-based unsupervised surveys,
which were used to assess the CES values associated
with individual sites. Unlike Willcock et al. (2017),
our focus is to examine heterogeneity in CES provi-
sion within an individual landscape; further, our
approach is spatially explicit, to enable the spatial
valuation of CES to be integrated into regional plan-
ning and development (Tammi et al. 2017).
2. Methods
2.1. Study area
The New Forest National Park covers 56,658 ha on
the south coast of England (Lat. 50°51ʹ59ʺ N, Long.
01°40ʹ50ʺ W; see Figure 1) (New Forest Park
Authority (NFPA) 2010). Designated in 2005, the
New Forest National Park includes 20 SSSIs, six
Natura 2000 sites, and two Ramsar Convention sites
at least partly within its boundaries. The New Forest
Special Area of Conservation (SAC), which forms the
core area of the Park, comprises a large number of
habitats including broad-leaved deciduous woodland
(29%), coniferous woodland (17%) and heath (34%)
(JNCC 2011). This complex mosaic of habitats is of
relatively high value for biodiversity, with high spe-
cies richness in groups including insects, birds, mam-
mals, reptiles, fungi and lichens, amongst others
(Newton 2010). The topography is gently undulating,
and the underlying geology is comprised of gravel
terraces, divided by valleys that are filled with clays
and sand of Tertiary deposits (New Forest Park
Authority (NFPA) 2008).
Large populations of free-ranging large herbivores,
including cattle, wild deer (fallow, red, roe and sika)
and the New Forest Pony, make a significant contri-
bution to the functioning of the New Forest as an
ecological system. The Forest originated as a Royal
hunting reserve in 1079, and a traditional common-
ing system involving the depasturing of livestock
survives to the present day (Newton 2010).
Currently, nearly a quarter of the Park is used for
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farmland and settlements. Approximately 50% of the
Park’s land is covered by unenclosed vegetation, often
referred to as the ‘Open Forest’, within which large
herbivores are free to roam (New Forest Park
Authority (NFPA) 2008; Newton 2010). The New
Forest has been a major recreational resource since
the mid-nineteenth century, continuing to the pre-
sent day (New Forest Park Authority (NFPA) 2008).
Forty per cent of New Forest visitors are staying
tourists, a further 25% are day-trippers travelling
from beyond 8 km, whereas locals (living within
8 km) account for 35% of recreational users (Sharp
et al. 2008).
2.2. Method 1: stated preference survey
A questionnaire survey was conducted to elicit CES
values for different habitats. The questionnaire
employed fixed-sum scoring questions (Thomas
2004), which asked a participant to score a set of
choices that sum to 100. Participants were asked to
score the relative value of each habitat type for both
recreation and aesthetic value, by allocating 100 points
amongst them. The following habitat types were
included: acid grassland, arable cereals, arable horti-
culture, broad-leaved/mixed woodland, coniferous
woodland, dwarf shrub heath, fen/marsh/swamp,
improved grassland, neutral grassland, suburban/
rural developed and urban. These broad habitat types
were selected on the basis of being the most abundant
terrestrial habitats in the New Forest. Images of each
habitat were provided as a ‘pop-up’ box, to facilitate
the understanding of the habitat type. Images were
selected as being representative of the local habitats
by the authors due to extensive familiarity with the
study area. There is potential that the images could
have influenced the preference for some habitats,
therefore the images were only available to the user if
they expressed a lack of understanding of the habitat
type by clicking a ‘help’ link. The survey was created as
an internet site, which was live between January 2014
and July 2014. Study participants were self-selecting.
The survey was promoted in local print, digital media
and email aimed at local interest groups, asking for
individuals whom resided, worked or used the New
Forest National Park.
2.3. Method 2: PGIS
Directly after the questionnaire survey, the same par-
ticipants from method 1 completed a PGIS survey
conducted on the same internet site. A map produced
Figure 1. Map of the New Forest National Park showing management units in grey and surveyed car park locations marked in
red (derived from Ordnance Survey data © Crown copyright and database right 2016).
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using Google Maps API v3 (Google UK Ltd., London,
UK) with the boundary of the New Forest was pre-
sented to participants with instructions to place pins
on the map. The participant could zoom in and out
to select precise locations, but could only place ‘pins’
within the defined boundary of the New Forest.
Participants were asked to place ‘pins’ on the map
to identify locations of aesthetic and recreational
value. Each individual could place up to five pins
for each service, and was invited to associate a score
with each pin on a Likert scale from 1–5, ranging
from least important to most important.
Data were captured in a MySQL database and any
responses with missing scores were removed. The
latitude, longitude and score for each point were
imported into ArcMap 10.1 (ESRI UK Limited,
Aylesbury, UK). Point data were projected to British
National Grid (OSGB 36) using the Ordnance Survey
(OS) OSTN02 transformation (University of
Edinburgh 2015). A habitat map (25 x 25 m cell
size) for the New Forest provided by Hampshire
Biodiversity Information Centre (HBIC, Hampshire
County Council, Winchester) was used to extract
habitat data for the points.
2.4. Method 3: GPS tracking
Stratified random sampling was used to assess the
recreational behaviour of people visiting the New
Forest. The Park is divided into 10 management
units; each unit was used as an individual sampling
stratum. From each, a random car park was chosen
from a list extracted from an OS map. Car parks were
chosen as sampling points (Figure 1), as previous
research has indicated that the majority of visitors
to the New Forest (>88%) use a car or private vehicle
(New Forest Park Authority (NFPA) 2007). To obtain
a representative range of participants, each car park
was visited between 08:00 and 18:00, individuals
entering the car park were approached in order of
entry, until 20 individuals had completed the study at
each location. Understanding visitation patterns was
not an aim in this study, so set times, days and
weather patterns were not taken into account. The
same two surveyors were always present during the
collection of data. Visitors were approached and
invited to participate in the survey, and the study
explained to them. If they wished to proceed, a
‘Participant information sheet’ was given to them,
and consent form signed.
GPS data loggers were used to track the movement
of participants during the recreational visits. The
Qstarz BT-Q1000XT trackers used (Qstarz 2013)
were small and easily transported, having a belt loop
that could be attached to clothing or bags if the
participant wished. This method allows for very accu-
rate geospatial information to be collected, including
the time that was spent in different areas (Fearnley
2013). This model was selected as compared to six
other commercially available GPS units, it showed the
smallest mean error (Duncan et al. 2013); it is built
with a MTK II GPS module, featuring 66 channels
with a sensitivity of −165 dBm, with a stated hori-
zontal accuracy of 3.0 m (Qstarz 2013). The units
were set to record the location of a waypoint at set
intervals of every 5 s. Habitat classification was sub-
sequently extracted for each waypoint from the HBIC
25m raster to give individual percentage time spent in
each habitat type for each participant. The mean for
each habitat type was used to calculate normalised
values.
2.5. Statistical analysis
Differences between the values associated with each
habitat type were determined using Kruskal–Wallis
H tests since Kolmogorov–Smirnov testing showed
all habitat types chosen by visitors significantly
deviated from a normal distribution. Post-hoc pair-
wise Mann–Whitney tests were used to determine
differences between individual pairs of habitats.
Spearmans rank correlations were conducted to
test the relationships between results obtained with
different methods. Both aesthetic and recreation
values were normalised prior to analysis. All data
analyses were conducted using IBM SPSS Statistics
v.22 (IBM United Kingdom Limited, Portsmouth,
UK). While the PGIS and GPS tracking methods
used the full 22 habitat types present in the New
Forest, a reduced number of 9 types were used in
the structured survey, as 22 habitats were too many
to include in the exercise; the habitats selected were
those that were most extensive in the study area
(acid grassland, arable and horticulture, broad-
leaved/mixed/yew woodland, built-up areas and
gardens, coniferous woodland, dwarf shrub heath,
fen/marsh/swamp, improved grassland and neutral
grassland).
3. Results
A total of 132 individuals completed the stated pre-
ference survey and PGIS task. In the stated preference
survey, the distribution of scores was found to be
significantly different between habitat types for both
recreation (Kruskal–Wallis H test, χ2(10) = 554.531,
P < 0.001, two-sided) and aesthetic value (Kruskal–
Wallis H test, χ2(10) = 650.326, P < 0.001, two-sided)
(Figure 2(a,b)). For recreation, visitors most preferred
broadleaved woodland, followed by coniferous wood-
land and dwarf shrub heath (Figure 2(a)), with arable
cereals and arable horticulture least preferred.
Similarly, broadleaved woodland was most preferred
for aesthetic value. This was followed by dwarf shrub
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heath and coniferous woodland (Figure 2(b)). The
least favoured aesthetically were urban, followed by
arable cereals and horticulture areas.
Somewhat similar results were obtained with the
PGIS. Broadleaved woodland and dwarf shrub heath
were again the habitats most preferred for recreation
(Kruskal–Wallis H test, χ2(21) = 309.685, P < 0.001,
2-sided) (Figure 3(a)), although these were followed
by improved grassland and built-up areas and gar-
dens, in contrast to the results obtained with the
stated preference survey. The lowest scoring habitats,
with zero or near zero values, were calcareous grass-
land, inland rock, inshore sublittoral sediment, lit-
toral rock and supralittoral rock. For aesthetic value,
broadleaved woodland was higher than any other
habitat, followed by dwarf shrub heath (Kruskal–
Wallis H test, χ2(21) = 388.046, P < 0.001, 2-sided)
(Figure 3(b)). The habitats with lowest values were
calcareous grassland, inland rock, inshore sublittoral
sediment, littoral rock and supralittoral rock.
GPS tracking was completed by 200 individuals
in total and only used to assess recreation values,
and not aesthetic value (Kruskal–Wallis H test,
χ2(21) = 1,539.982, P < 0.001, 2-sided) (Figure 4).
For recreation, dwarf shrub heath was the most pre-
ferred habitat, the next highest being broadleaved
woodland and acid grassland. The lowest scoring
were littoral and sublittoral habitats, arable and hor-
ticulture and calcareous grassland.
When values from the three methods were com-
pared, each was found to demonstrate substantial
variation among habitat types, with some habitats
Figure 2. Bar charts illustrating the mean preference for (a) recreation value (b) aesthetic value for habitats, using a survey
method. The overall difference between the median ranks of habitats was significant for (b) recreation value and (b) aesthetic
value. Bars grouped by the same letter are not significantly different from each other (pairwise comparisons, p < 0.05, without
Bonferroni correction).
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(such as arable and horticulture, bracken and littoral
sediments) consistently recording low values for both
services regardless of method (Table 1). We examined
whether these results could have been influenced by
variation in the area of different habitats within the
study area by conducting a Spearman rank correla-
tion. The area of each habitat within the landscape
was found to be positively correlated with the recrea-
tional values obtained by each of the three methods
(P < 0.05 in each case), and the aesthetic value
obtained from PGIS (P < 0.01 in each case), provid-
ing some support for this hypothesis. However, the
low recreational and aesthetic value of arable and
horticultural land cannot be attributed to this effect,
as it was far greater in extent than a range of other
habitats that scored more highly for CES provision
(Table 1).
Spearman rank correlation analysis (Table 2)
showed that there was no correlation between the
recreation values obtained by structured survey and
those obtained either by PGIS or GPS tracking.
However, a significant correlation (P < 0.01,
Table 2) was obtained between the recreation values
from PGIS and GPS tracking. In contrast, for aes-
thetic value, results from PGIS and the structured
survey were positively correlated (P < 0.05).
Aesthetic values obtained from the structured survey
were positively correlated with recreational values
Figure 3. Bar charts illustrating the mean percentage of (a) recreation value and (b) aesthetic value, using participatory GIS. The
overall difference between the median ranks of habitats was significant for (a) recreation value and (b) aesthetic value. Bars
grouped by the same letter are not significantly different from each other (pairwise comparisons, P < 0.05, without Bonferroni
correction).
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obtained using the same method, and also with
recreational values obtained by GPS tracking.
Similarly, both recreational and aesthetic values
obtained from PGIS were positively correlated
(Table 2).
When values were mapped (Figure 5), pronounced
spatial variation in both recreational and aesthetic
value were observed across the study area, reflecting
the spatial distribution of different habitat types.
More importantly, the spatial pattern of CES value
differed depending on the survey method used. For
example, more central areas of the park were
associated with higher recreational and aesthetic
values than more peripheral areas when values
derived from the structured survey were mapped, as
the higher scoring habitats are situated nearer the
centre of the park. Similar results were obtained for
aesthetic value using PGIS, but recreational values
obtained from PGIS were not so clearly differen-
tiated. On the other hand, recreational values
obtained from GPS tracking showed a clear differen-
tiation between core and peripheral areas of the park;
this spatial distribution accorded most closely with
the aesthetic values obtained from the structured
Figure 4. Bar chart illustrating the mean percentage of recreation value using GPS tracking. The overall difference between the
median ranks of habitats was significant. Bars grouped by the same letter are not significantly different from each other
(pairwise comparisons, P < 0.05, without Bonferroni correction).
Table 1. Area of habitat types within the study area and the normalised mean (between 0 and 1) value for recreation and
aesthetic values for each method utilised.
Habitat Area (ha)
Recreation Aesthetic
Survey PGIS GPS tracking Survey PGIS
Acid grassland 3167 0.27 0.48 0.57 0.25 0.08
Arable and horticulture 4539 0.00 0.45 0.00 0.06 0.17
Boundary and linear features 387 0.12 0.16 0.03
Bracken 303 0.02 0.01 0.01
Broadleaved, mixed, and yew woodland 14,294 1.00 1.00 0.59 1.00 1.00
Built-up areas and gardens 2583 0.15 0.59 0.12 0.00 0.16
Calcareous grassland 0.13 0.00 0.00 0.00
Coniferous woodland 4949 0.64 0.42 0.35 0.46 0.25
Dwarf shrub heath 9968 0.53 0.78 1.00 0.57 0.49
Fen, marsh and swamp 3030 0.22 0.12 0.19 0.42 0.16
Improved grassland 9924 0.39 0.70 0.07 0.11 0.13
Inland rock 33 0.00 0.00 0.00
Inshore sublittoral sediment 33 0.00 0.00 0.01
Littoral Rock 2.65 0.00 0.00 0.00
Littoral Sediment 1259 0.23 0.00 0.20
Neutral grassland 1030 0.38 0.39 0.01 0.27 0.21
Rivers and streams 1098 0.06 0.00 0.02
Standing open water and canals 79.0 0.01 0.05 0.06
Supralittoral Rock 0.56 0.00 0.00 0.00
Supralittoral Sediment 55.0 0.04 0.00 0.03
Unidentified habitat 1073 0.20 0.02 0.07
Unidentified water 143 0.08 0.00 0.04
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survey (Figure 5). However, it should be noted that
the distribution of car parks that were included in the
sample (Figure 1) is higher in the core areas of the
park than in the periphery, which may partly account
for the results obtained with this method.
4. Discussion
Our results provide a number of insights into the
comparative performance of the different methods
employed. All three methods captured a wide range
of different CES values for different habitats, and
provided a means to visualise these values through
production of maps. In this respect, each of the
methods has potential value in terms of enabling
CES to be incorporated into land management plan-
ning, in a way that could be integrated with biodi-
versity conservation. Some findings were consistent
among the different methods. For example, broad-
leaved woodland was repeatedly found to be asso-
ciated with relatively high values for both recreation
and aesthetic value; dwarf shrub heath also scored
relatively highly. A number of previous studies have
recorded a preference for wooded over more open
landscapes in natural and semi-natural systems
(Schroeder and Orland 1994; Cordingley et al.
2015), perhaps reflecting a belief that such landscapes
are more ‘natural’ in character (Lamb and Purcell
1990). Similarly, the relatively low CES values
observed here for agricultural land were also largely
consistent between methods, although both arable
and improved grassland scored relatively highly with
PGIS compared to the other methods. Despite no
previous studies comparing these methods for evalua-
tion of CES, results between the three methods were
also broadly consistent in terms of the maps pro-
duced, for example by highlighting the relatively
high value of core areas of the National Park for
CES provision.
A lack of correspondence between results obtained
by structured survey and GPS tracking for recreation
value can be seen. This may be due to the potential
limitations of stated preference techniques, as the
values obtained might not accurately reflect human
behaviour. A tendency for behavioural actions to differ
from stated preferences relating to environmental
values has been well documented in the environmental
psychology literature, where it is referred to as the
‘value-action gap’ or ‘belief-behaviour gap’ (Blake
1999; Godin et al. 2005). While the reasons for this
gap remain poorly understood, it has been identified
in a number of different contexts relating to environ-
mental decision-making by individuals, and hence it is
important that verbal statements without ‘revealed
preferences’ not be assumed to reflect ‘manifest inter-
est’ (Klintman 2016). In the current investigation, we
sought to address the limitations of stated preference
by including direct observation of human use of dif-
ferent habitats using GPS tracking. This enabled stated
preference values to be compared with a measure of
actual behaviour. As the participants were different
between the stated and observed methods, there is
the possibility that the behaviour between the groups
varied naturally, though self-selection and random
sampling in the methods would aid this issue. Results
provided little evidence for the value-action gap, as
both recreational and aesthetic values for different
habitats obtained using structured survey and PGIS
techniques were found to be positively correlated with
GPS tracking values, with the exception of recreation
values elicited with the structured survey. While GPS
tracking might be considered superior to the other
methods because it involves direct observation of
human behaviour, it should be noted that time spent
by individuals within a particular habitat does not
necessarily relate directly to recreational value. For
example, habitats of relatively low value may need to
be traversed during a recreational visit to access areas
with relatively high value. Positive correlation of GPS
tracking recreation values and the extent of habitats
suggests that the availability of habitats was a large
factor for recreational choice. Though the greater the
distance a visitor moved during their visit, the weaker
the relationship between habitat availability and pre-
ference became (Supplementary materials).
Table 2. Spearman rank correlations between all methods utilised for recreation and aesthetic value assessment using two-
tailed tests. Unity-based normalisation was used on the means for each habitat type for each method before testing. To
compare the survey method, the ‘arable cereals’ and ‘arable horticulture’ classes were combined and the classes ‘Urban’ and
‘Suburban rural developed’ were combined. Values in bold are statistically significant.
Method
Recreation Aesthetic
Structured survey PGIS GPS tracking Structured survey PGIS
Recreation Structured survey – r = 0.450
P = 0.224
r = 0.634
P = 0.067
r = 0.817
P < 0.01
r = 0.617
P = 0.077
PGIS – r = 0.757
P < 0.01
r = 0.200
P = 0.606
r = 0.884
P < 0.01
GPS tracking – r = 0.734
P < 0.05
r = 0.659
P < 0.01
Aesthetic Structured survey – r = 0.767
P < 0.05
PGIS –
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This investigation did not attempt to provide a com-
prehensive assessment of methods that could be used to
assess CES. Many alternative approaches are available
that could usefully be considered by future comparative
analyses, including text-based approaches, photo-elici-
tation methods and social media photograph analysis
(Hirons et al. 2016). The latter method focuses on
analysing the content of crowdsourced, georeferenced
photographic data sets, such as Flickr. This approach is
employed by the InVEST software tool, which is
increasingly being used to conduct ecosystem service
assessments worldwide (Sharp et al. 2015). Application
of this approach to our study area provided very differ-
ent results to the other methods presented here. Social
media photographs tended to be clustered around
urban areas and along roads, suggesting that many
visitors to the area upload photographs taken from
their vehicles (Supplementary materials). This implies
a very biased sample of the study area, which is likely to
provide very limited insights into the relative value of
different habitats for CES provision. Such observations
highlight the potential risks or uncertainties that may be
associated with using particular methods in a conserva-
tion management context, but also emphasise the value
Figure 5. Habitat maps based on the Hampshire Biodiversity Information Centre (HBIC) at a 25 × 25m resolution, displaying the
normalised mean value for each habitat for recreation value (a, c, e) and aesthetic value (b, d), by method: structured survey (a,
b), PGIS (c, d) and GPS tracking (e). Areas shown as white (a, b) were not included in the list of habitats presented to participants
for this method, hence have not been included.
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of comparing multiple approaches to strengthen overall
rigour.
5. Conclusions
On the basis of the results presented here, which
approach should conservation managers adopt to
assess CES? We suggest that a focus on evaluating
the relative value of different habitats for CES provi-
sion might provide a useful way forward. This
approach can potentially provide a basis for under-
standing how specific landscape structures, features
or ecosystem properties contribute to CES values, an
element that has been little researched in the past
(Scholte et al. 2015). Furthermore, each of the meth-
ods compared here provide spatially explicit output,
which can enable potential changes in CES provision
to be identified that might result from conservation
management actions. Spatially explicit information
about the relationship between CES values and land-
scape and ecosystem characteristics can help to
inform spatial planning and environmental manage-
ment decisions (Crossman et al. 2013). Our results
have highlighted the value of applying multiple meth-
ods simultaneously, enabling relatively robust find-
ings to be identified. The diverging results illustrate
that different methods address different aspects of
CES value, and a pluralistic approach to selection of
methods may therefore provide richer insights into
the distribution of CES values than use of methods in
isolation (Scholte et al. 2015).
Potentially, results obtained by multiple methods
could be integrated using GIS, by combining or over-
laying data layers. However in practice, we recognise
that conservation managers may be limited in terms of
the number of CES valuation methods that they are
able to deploy. Measuring CES can often prove expen-
sive and time consuming (Church et al. 2014). In this
investigation, we did not systematically evaluate the
costs associated with implementing the three methods,
although the GPS tracking required purchase of spe-
cialised equipment and was more labour intensive than
the other approaches, and was therefore associated
with a higher cost. Other research has found that it is
much more cost effective per respondent to have
supervised surveys over unsupervised surveys for col-
lecting CES information (Willcock et al. 2017). It
should be noted that the issue of comparability of the
results from the different methods is of critical con-
sideration. Whereas, the GPS tracking and PGIS meth-
ods allow explicit spatial mapping of data, the
structured survey assumes that all habitat types will
have the same value once mapped. This assumption
disregards abiotic and biotic features in the landscape
that may influence recreation and aesthetic prefer-
ences. The GPS tracking was only used as an indicator
of recreation value in this study, though in reality
aesthetic appeal would have been a factor in where
the participant chose to visit, though it was not possible
to differentiate this from the recreation value in the
data captured. The positive correlations recorded here
between the results obtained by different methods sug-
gest that if resources are limiting, a single method
might usefully be deployed. On the basis of the current
results, PGIS might be considered the preferred
method, on the basis of the most number of correla-
tions recorded with the results of other methods. Our
findings therefore support those of other authors who
have highlighted the value of PGIS approaches for CES
valuation (Hernández-Morcillo et al. 2013; Milcu et al.
2013). It should also be noted that recreational and
aesthetic value were in some cases found to be corre-
lated, suggesting that one CES can potentially be used
as a proxy for the other. However, such an inference
should be made with caution, as these two services are
not always correlated, a finding observed both here and
by previous research (Cordingley et al. 2015). This
reflects the fact that people do not choose recreation
opportunities based solely on aesthetic values, but on
other criteria such as convenience and accessibility
(McShane et al. 2011; Sen et al. 2011).
According to Church et al. (2014), CES can usefully
be viewed as values that are co-produced and co-cre-
ated between people and their environments, which
may require transdisciplinary approaches for measure-
ment and valuation. The inclusion of stakeholder par-
ticipation in the management process can increase the
durability and quality of decisions and strengthen the
decision-making process through the diversity and
knowledge that comes from multiple inputs (Fischer
2000; Beierle 2002; Reed 2008). Conservation man-
agers may therefore benefit from investing more effort
towards involving relevant stakeholders in the defini-
tion and conceptualisation of CES measurements,
which would likely improve the quality of information
obtained (Hernández-Morcillo et al. 2013). However,
we suggest that deployment of any of the methods
compared here could significantly improve current
environmental decision-making, even without adopt-
ing a strongly transdisciplinary approach. This is illu-
strated by the New Forest National Park that was the
focus of the current study. While consultation with
stakeholders is regularly a component of the develop-
ment of management plans in this location (Newton
2010), this is not always effective. This is highlighted
by the recent controversy surrounding management
interventions aimed at wetland restoration, specifically
in the Latchmore catchment in the north-west of the
Park. This stimulated the development of a major
campaign by local people, which eventually led to
rejection of the proposed management plans by a
public planning committee. Each of the methods
investigated here identified this catchment as of high
value for both recreation and aesthetic value,
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indicating that these methods successfully captured the
values of this site held by local people. However, these
values were not taken into account when developing
this management plan. It is clear that the evaluation of
CES involves more complexity than the application of
a single assessment method can aim to resolve. Moving
forwards, use of the conceptual framework developed
by Fish et al. (2016) to engage with CES using plur-
alistic methodologies whilst maintaining interdiscipli-
narity could provide the means to critically evaluate
the complex interactions between humans and
ecosystems.
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